Classification of log del Pezzo surfaces of index three (Recent development of Fano manifolds) by 安武, 和範
Title Classification of log del Pezzo surfaces of index three (Recentdevelopment of Fano manifolds)
Author(s)安武, 和範




Type Departmental Bulletin Paper
Textversionpublisher
Kyoto University
Classification of $\log$ del Pezzo surfaces of index three
*

















1897 2014 142-160 142
$S$ ( $\mathbb{Q}-$ ) $i(S)$ :
$i(S)$ $:= \min${ $a\in \mathbb{N}|-aK_{S}$ }.
$i(S)\leq 2$ ([1] 1.1 ).
[1] 1,2 $i(S)=3$
$M–*S$ $S$ $C$ $C$ $M$ $C^{M}$
$\triangle x$ $(v1)$ - $X$ $0$ $\psi$ : $Zarrow X$
$\triangle x$ $0$ ( [1] 1.3 ). $P\in\Delta_{X}$ multp $\triangle x=k$
$0$ $P$ $\Gamma_{P,1},$ $\cdots,$ $\Gamma_{P,k}$
$K_{Z/X}$ $P$








$S$ $E= \sum w_{j}D_{j}$ $S$
(simple normal crossing) $j$ $wj>0$
$E$
$D_{j}$ $vj$ $D_{i}$ $D_{j}$ $m$ $v_{i}$
$m$ $D$ $v$ $v$ $w$ $w:=coeff_{D}E$
$v_{(w)}$





$P\in S$ 3 $\alpha:Marrow S$
$P\in S$ $-3K_{M/S}$ 1
$\mathbb{C}$ [5], [3]
2.1. 3
1. $n\geq 4$ $(-n)$ - 2








$\mathbb{F}_{n}:=\mathbb{P}_{\mathbb{P}^{1}}(\mathcal{O}_{\mathbb{P}^{1}}\oplus \mathcal{O}_{\mathbb{P}^{1}}(n)),$ $(^{\exists}n\geq 0)$
$M$ $\mathbb{P}^{2}$ $\mathbb{F}_{n}$ $S\cong \mathbb{P}(1,1,3)$ $\mathbb{P}(1,1,6)$
$S$ $\mathbb{P}(1,1,3)$ $\mathbb{P}(1,1,6)$ $K_{M}+L_{M}$
$(K_{M}+L_{M})$ $L_{M}>0$ ([3] Prop.3.4),
$(M, E_{M})$ [1] $(3, 1)$- ([3] 3-basic pair ).
$(3, 1)$- $i(S)=3$
([3] Prop.3.4), $(3, 1)$-
[1] $(3, 1)$- $(M, E_{M})$ $2K_{M}+L_{M}$ ( )
$(-1)$- ( $\phi$ : $Marrow Z$ ),
1 $(3, 1)$- $(Z, E_{Z};\Delta_{Z})$ $E_{Z}$ $E_{M}$ $Z$




$(A_{n}(l, m)$ (resp. $D_{n}(m))$ $A_{n}$ (resp. $D_{n})$ )
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$(L_{Z}=-3K_{Z}-E_{Z}$ $)$ . 2 $K_{Z}+L_{Z}$ $(Z, E_{Z};\Delta_{Z})$
1 $(3, 1)$ - $2K_{Z}+L_{Z}$ $3K_{Z}+L_{Z}$
( ) $(-1)$- (
$\psi$ : $Zarrow X$ ), 2 $(3, 1)$- $(X, E_{X};.\triangle z, \Delta_{X})$
$E_{X}$ $E_{Z}$ $X$ $\Delta_{X}$ $\psi$ $0$
$(3, 1)$- $(M, E_{M})$
1. 1 $(3, 1)$- $(Z, E_{z;}\Delta_{Z})$ .
2. 2 $(3, 1)$- $(X, Ex;\Delta_{Z}, \Delta_{X})$ .
1. 2. $(-1)$-
$(M, E_{M})$ $Z,$ $X$ $\mathbb{P}^{2}$ $\mathbb{F}_{n}$
$(2K_{Z}+L_{Z})\cdot l<0,$ $(3K_{X}+L_{X})\cdot l<0$
$l$ $\mathbb{P}^{2}$ $\mathbb{F}_{n}$
$\mathbb{P}^{1}$ - 1 $(3, 1)$-
$(Z, E_{Z};\Delta_{Z})$ (resp. 2 $(3, 1)$- $(X, E_{X};\Delta_{Z}, \Delta_{X})$ ) $\Delta_{Z}$ (resp.
$\Delta_{X}$ $\Delta_{Z})$ $0$ $(3, 1)$ -
$i(S)=3$ 1 2
$(3, 1)$ - $(3, 1)$-
$(3, 1)$- $0$
$(3, 1)$-
3.1. $X=\mathbb{P}^{2},$ $Ex=l_{1}+l_{2}+l_{3}$ $l_{i}$ $l_{1}\cap l_{2}\cap l_{3}=\emptyset,$ $P_{ij}:=l_{i}\cap l_{j},$
$P_{ij}\not\in\triangle x$ $\deg(\triangle x\cap l_{i})=2$ $\Delta x\subset l_{1}\cup l_{2}\cup l_{3}$
$\psi$ : $Zarrow X$ $\Delta x$ $0$ $Ez=l_{1}^{Z}+l_{2}^{Z}+l_{3}^{Z}$ $Q_{ij}=l_{i}^{Z}\cap l_{j}^{Z},$
$\Delta_{Z}=\{Q_{ij}|1\leq i<j\leq 3\}$ $(X, Ex;\Delta_{Z}, \Delta_{X})$ 2 $(3, 1)$ -
: $\rho(Z)=7,$ $(l_{1}^{Z})^{2}=-1$ $\psi’$ : $Zarrow X’=\mathbb{P}^{2}$
$\psi_{*}’(l_{1}^{Z})=0$ $E_{X’}:=\psi_{*}’Ez=\psi_{*}’(l_{2}^{Z}+l_{3}^{Z})$ 2
$\psi$ $0$ $\Delta_{X’}$ $(X\prime, E_{X’};\Delta_{Z}, \Delta_{X’})$







(1) 1 $(3,1)$ - $(Z, E_{Z};\triangle_{Z})$ $K_{Z}+L_{Z}$
$Z=\mathbb{F}_{n}$ $K_{Z}+L_{Z}$
$(a)\triangle z\cap\sigma=\emptyset$ , $\sigma\subset Z$ minimal section. $n=0$ $\Delta_{Z}=\emptyset.$
$(b)Ez$ $\mathbb{F}_{n}/\mathbb{P}^{1}$ $D$ $\sigma\leq Ez$ $coeff_{\sigma}Ez\geq coeff_{D}E_{Z}$
$coeff_{\sigma}E_{Z}=coeff_{D}E_{Z}$ $n+D^{2}\geq\deg(\triangle z\cap D)$
(2) 2 $(3, 1)$ - $(X, E_{X};\Delta_{Z}, \Delta_{X})$
$(A)2K_{X}+L_{X}$
$(B)X$ $\mathbb{F}_{n},$ $2K_{X}+L_{X}$ $\mathbb{F}_{n}arrow \mathbb{P}^{1}$
:
$(B1)\triangle x\cap\sigma=\emptyset$ , $\sigma\subset X$ minimal section. $n=0$
$\triangle x=\emptyset.$
$(B2)\sigma\not\leq E_{X}$ $n=0$ $\mathbb{F}_{n}/\mathbb{P}^{1}$ $D\leq E_{X}$
$(D^{2})\geq\deg(\triangle x\cap D)$
$(B3)\sigma\leq E_{X}$ $n\geq 1$ $\mathbb{F}_{n}/\mathbb{P}^{1}$ $D\leq E_{X}$
$n+(D^{2})\geq\deg(\triangle x\cap D)$
$(C)2K_{X}+L_{X}$ $X\simeq \mathbb{P}^{2}$ $\triangle x=\emptyset$ $X\simeq \mathbb{P}^{1}\cross \mathbb{P}^{1},$ $\mathbb{F}_{2}$
$X\simeq \mathbb{P}^{2}$
$(C1)E_{X}=C+l$ $C$ 2 $l$
$\triangle x\cap C\cap l\neq\emptyset$ $|C\cap l|=\{P\}$ $\deg(\triangle x\backslash \{P\})\geq 4$
$\triangle z\cap l\backslash \{P\}\neq\emptyset$
$(C2)E_{X}=l_{1}+l_{2}+l_{3}$ $l_{1},$ $l_{2},$ $l_{3}$
$l_{1}\cap l_{2}\cap l_{3}=\emptyset$ $\#|\triangle x\cap((l_{1}\cap l_{2})\cup(l_{1}\cap l_{3})\cup(l_{2}\cap l_{3}))|\geq 2$
$(C3)E_{X}=2l_{1}+l_{2}$ $l_{1},$ $l_{2}$ $P:=l_{1}\cap l_{2}$
$(a)\#|\triangle x\cap l_{1}\backslash \{P\}|\leq 1$ . $\{P_{1}\}=|\triangle x\cap l_{1}\backslash \{P\}|$
mult $P_{1}\triangle x\leq 2$ mult$P\Delta x=mult_{P}(\triangle x\cap l_{2})$
$(b)$ $\deg\triangle x=4$ $\deg(\triangle x\cap l_{2})=3$




[3] Theorem 3.12 Lemma 5.1-5.3 $(3, 1)$ -
3.3.
(1) 1 $(3, 1)$ - $(Z, E_{Z};\Delta_{Z})$ $(3, 1)$ -
$(Z’, E_{Z’}, \Delta_{Z’})$







( [3] 10 ).
3.4. $(C)$ $(C2)$ 3.1






1.3 [2] 2 [3] 4 [4] 2
4.1. $(Z, Ez;\triangle z)$ $Q\in\Delta_{Z},$ $\phi:Marrow Z$ $\Delta z$ $0$ $(M, E_{M})$
7
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$(3, 1)$ - $E_{M}=\phi^{*}E_{Z}-2K_{M/Z}$
(1) $Q$ $E_{Z}=sl(s\geq 1)$ $Q\in l$ $s\geq 3$
$E_{M}$ l $s$ $\mathcal{S}=1$ $E_{M}$
$\Delta_{Z}=\emptyset$ $s=2$ $Q$
$\Delta z\subset l$ $E_{M}=2l^{M}$
(2) $Q$ $E_{Z}=s_{1}l_{1}+s_{2}l_{2}(s_{i}\geq 1),$ $Q\in l_{i}$ $l_{1}$ $l_{2}$ $Q$
$s_{1}\geq s_{2}\geq 1$ (1) $s_{1}\leq 2$
$(s_{1}, s_{2})=(1,1)$ $(\nu 1)$ - $mult_{Q}(\triangle z\cap l_{2})=1$




$(s_{1}, s_{2})=(2,1)$ $mult_{Q}(\triangle z\cap l_{2})=1$ $\mu_{1}$ : $M_{1}arrow Z$
$Q$ $\Gamma_{Q,1}$ $\Gamma_{Q,1}^{M},$ $l_{2}^{M}\leq E_{M},$
$coeff_{\Gamma_{Q,1}^{M}}E_{M}=coeff_{\iota_{2}^{M}}E_{M}=1$ $\Gamma_{1}^{M}$ $l_{2}^{M}$ $E_{M}$
$\Gamma_{Q,1}^{M}\emptyset-\emptyset(1)(1)l_{2}^{M}$
( 1
). $(\nu 1)$ ,- mult$Q(\Delta_{z}\cap l_{1})=1$ mult$Q(\triangle z\cap l_{2})\geq 2$
$\Gamma_{Q,1}$ $l_{2}^{M_{1}}$ $Q_{1}$ $\mu_{2}:M_{2}arrow M_{1}$ $Q_{1}$
$l_{2}^{M_{2}}$ $E_{M}$ (1)




$(s_{1}, s_{2})=(2,2)$ $(\nu 1)$ - mult$Q(\Delta_{z}\cap l_{2})=1$
$E_{M}$ $(-1)$ - $0$ ([4] Lemma 2.3)
mult$QZ$ mult$Q(\Delta_{z}\cap l_{1})+1$
$Q$
$l_{1}^{M} \Gamma_{Q,1}^{M} \Gamma_{Q,k-1}^{M} l_{2}^{M}$
$\emptyset\infty 2----$-$-\emptyset(2)(2)2)(2)$
$k=$ mult $Q\Delta Z$ [3] $l_{1}$ $l_{2}$ $Q\in l_{i}$
4.2. $(X, E_{X};\Delta_{Z}, \Delta_{X})$ $P\in\triangle x,$ $\psi:Zarrow X$ $\Delta_{X}$ $0$
$(Z, E_{Z};\Delta_{Z})$ 1 $(3, 1)$ - $E_{Z}=\psi^{*}E_{X}-$
$K_{Z/X}$
(1) $P$ $E_{X}=sl(s\geq 1)$ $P\in l$ $s\geq 3$
$E_{M}$ $l^{}$ $s$ $s=1$ $\Delta_{X}\subset l$ $E_{Z}=l^{Z}$
Example 4.1 $P$ $\Delta_{Z}=\emptyset$
$s=2$ $mult_{P}(\Delta_{X}\cap l)\leq 2$












mult$P(\Delta_{x}\cap l)\geq 3$ $E_{M}$ 3
mult $P(\Delta_{X}\cap l)\leq 2$
mult$P(\Delta_{x}\cap l)=1$ mult $P\Delta_{x}\leq 2$
mult $P\triangle x\geq 3$ $\triangle x$ $Z_{1}$ ([4] Definition 2.1) $\Delta z_{1}$
$\deg(\Delta z_{1}\cap\Gamma_{P,1})=mult_{P}\Delta x-1\geq 2$ $P_{1}\in(\Delta z_{1}\cap\Gamma_{P,1})\backslash l^{Z_{1}}$
$\mu_{2}:Z_{2}arrow Z_{1}$ A $\Gamma_{P,2}$
$coeff_{\Gamma_{P,2}}E_{Z_{2}}=0$ multp $\Delta_{X}\geq 3$ $E_{M}$
multp $\Delta_{X}\leq 2$
mult $P\triangle x=1$ $(\Gamma_{P,1})^{2}=-1$ $\Gamma_{P,1}\leq E_{Z}$ $\deg(\Delta_{Z}\cap\Gamma_{P,1})\neq 0$
$E_{Z}$
$\emptyset-o_{(1)}^{P,1}l^{zr_{1}^{Z}}(2)$
Example 4. 1 $supp\Delta z\cap\Gamma_{P,1}=l^{Z}\cap\Gamma_{P,1}=:Q$ , mult$QZ$









$\Delta_{Z}$ $P$ $Q$ Example 4.1





mult$P(\Delta_{x}\cap l)=2$ multp $\Delta_{X}\leq 4$




Example 4. 1 $P$ $supp\Delta_{Z}\subset\Gamma_{P,2}^{Z}$ .
$P$ $\deg(\Delta_{Z}\cap\Gamma_{P,2}^{Z})=2$
( 2,2,1 ).
mult$PX4$ $\Delta_{Z_{2}}$ $\Delta_{X}$ $Z_{2}$ $P_{2}\in\Delta_{Z_{2}}$
$\mu_{3}:Z_{3}arrow Z_{2}$ , $\Gamma_{P,3}$ $Z$
$(\Gamma_{P,2}^{Z})^{2}=-2$ $\Gamma_{P,2}^{Z}$ 3 $l^{Z},$ $\Gamma_{P,1}^{Z},$ $\Gamma_{P,3}^{Z}$ $Ez$
$P$
$l^{Z} \Gamma_{P,2}^{Z} \Gamma_{P,1}^{Z}$






$\triangle z=\emptyset$ $\Gamma_{P,3}^{M}$ $(\Gamma_{P,3}^{M})^{2}=-1$ $coeff_{\Gamma_{P,3}^{M}}E_{M}=1$
multp $\triangle_{X}=3$
(2) $P$ $E_{X}=s_{1}l_{1}+s_{2}l_{2}(s_{i}\geq 1),$ $P\in l_{i}$ $l_{1}$ $l_{2}$ $P$
$s_{1}\geq s_{2}\geq 1$ $s_{1}\leq 2$
$(s_{1}, s_{2})=(1,1)$ $(\nu 1)$- multp $(\triangle x\cap l_{2})=1$
$\mu_{1}:Z_{1}arrow X$ $P$ $\Gamma_{P,1}$
mult$P(\Delta_{x}\cap l_{1})\geq 2$ $\Gamma_{P,1}^{Z}$ $(\Gamma_{P,1}^{Z})^{2}=-2$ $coeff_{\Gamma_{P,1}^{Z}}E_{Z}=1$
$E_{Z}$ 2 1 $E_{Z}$
$\emptyset-O_{(1)}l_{2}^{Z}\Gamma_{P,1}^{Z}\Gamma_{P,2}^{Z}(1)2-\emptyset_{(1)}$
( 1 )
$\deg(\triangle z\cap\Gamma_{P,1}^{Z})=2$ $\Gamma_{P,1}^{M}$ $(\Gamma_{P,1}^{M})^{2}=-4$
coe$ff_{\Gamma_{P,1}^{M}}E_{M}=1$ mult $P(\triangle x\cap l_{1})=1$




$(Z, E_{Z};\triangle_{Z})$ $Z=\mathbb{P}^{2}$ $l$
$L_{Z}\sim hl,$ $Ez\sim dl$ $Kz+Lz\sim(h-3)l$ $(K_{Z}+L_{Z})\cdot Lz=$
$(h-3)h>0$ $h\geq 4$ . $2K_{Z}+L_{Z}\sim(h-6)l$ $h\leq 5$
$h=4,5$ $h=5$ $h=4$
$h=5$ $3K_{Z}+L_{Z}=-Ez$ $d=4$
5.1. $C\leq E_{Z}$ $\deg C\leq 2$ mult$cE_{Z}=2$
$C$
$\deg C=d$ $\phi:Marrow Z$ $\Delta z$ $0$ $C^{2}-(C^{M})^{2}=$
12
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$L_{Z}\cdot C+2p_{a}(C)-2p_{a}(C^{M})$ $\Delta_{Z}=\{Q\}$ , mult${}_{Q}C=m$
$m^{2}$ $2p_{a}(C)-2p_{a}(C^{M})=m(m-1)$ $K_{M}+L_{M}=\phi^{*}(Kz+L_{Z})$




$(A)E_{Z}=2l_{1}+2l_{2},$ $l_{1},$ $l_{2}$ $(B)E_{Z}=2C,$ $C$
2
[1] 2.4.
5.2. $E_{0}$ $E_{Z}$ $L_{Z}\cdot E_{Z}=2\deg\Delta_{Z},$
$L_{Z}\cdot E_{0}=\deg(\Delta_{Z}\cap E_{0})$
$(A)E_{Z}=2l_{1}+2l_{2},$ $l_{1},$ $l_{2}$
$l_{1}$ $l_{2}$ $Q$ $L_{Z}\cdot l_{i}=5$ $\deg(\Delta_{Z}\cap l_{i})=5$ $L_{Z}\cdot Ez=20$
$\deg\Delta z=10$ $Q\not\in\Delta_{Z}$ Example 4.1 $\Delta_{Z}\subset(l_{1}\cup l_{2})\backslash Q$
$Q\in\Delta_{Z}$ $(\nu 1)$- mult$Q(\Delta z\cap l_{2})=1$ mult$Q(\Delta_{z}\cap l_{1})=k$
Example 4.1 mult$QZ+1$
$(B)Ez=2C,$ $C$ 2
$L_{Z}\cdot C=10$ $\deg(\Delta_{Z}\cap C)=10$ Example 4.1 $\Delta_{Z}\subset C$
6
$(X, E_{X};\Delta_{Z}, \Delta_{X})$ $X=\mathbb{P}^{2}$ $l$






6.1. $E_{0}$ $E_{X}$ $L_{X}\cdot E_{X}=2(\deg\Delta_{Z}+$
$\deg\Delta_{X}),$ $L_{X}\cdot E_{0}=\deg(\Delta z\cap E_{0}^{Z})+2\deg(\Delta x\cap E_{0})$ $\psi:Zarrow X$
$\Delta_{X}$ $0$
[1] 2.4.
$h=8$ $3K_{X}+L_{X}=-E_{X}$ $d=1$ $E_{X}=l$ 6.1
$\deg\triangle z+\deg\triangle x=4,$ $\deg(\triangle z\cap l^{Z})+2\deg(\triangle x\cap l)=8$
$\Delta z=\emptyset,$ $\deg\Delta_{X}=4,$ $\deg(\Delta_{X}\cap l)=4$ $\Delta x\subset l$
$h=7$ $d=2$ $(A)E_{X}=l_{1}+l_{2},$ $l_{1},$ $l_{2}$ $(B)$
$E_{X}=2l,$ $l$ $(C)E_{X}=C,$ $C$ 2
$(A)E_{X}=l_{1}+l_{2},$ $l_{1},$ $l_{2}$
$l_{1}$ $l_{2}$ $P$ 6.1 $\deg\Delta z+\deg\Delta x=7,$ $\deg(\triangle z\cap l_{i}^{Z})+$
$2\deg(\triangle x\cap l_{i})=7$
$P\not\in\triangle x$ 4.1, 4.2 $\deg\triangle z=1,$ $\deg\triangle x=6,$ $\deg(\triangle z\cap l_{i}^{Z})=1,$
$\deg(\Delta x\cap l_{i})=3$ $\triangle x\subset(l_{1}\cup l_{2})\backslash Q$ $\triangle z=l_{1}^{Z}\cap l^{Z}$
$P\in\triangle x$ 4.1, 4.2 $\deg\Delta_{Z}=2,$ $\deg\triangle x=5,$ $\deg(\Delta z\cap l_{i}^{Z})=1,$
$\deg(\Delta x\cap l_{i})=3$ $\triangle x\subset(l_{1}\cup l_{2})$ $\triangle z=(l_{1}^{Z}\cap\Gamma_{P,1})\cup(l_{2}^{Z}\cap\Gamma_{P,1})$
$(B)E_{X}=2l,$ $l$
6.1 $\deg\Delta_{Z}+\deg\Delta_{X}=7,$ $\deg(\Delta z\cap l^{Z})+2\deg(\Delta_{X}\cap l)=7$
$(\deg(\Delta z\cap l^{Z}), \deg(\Delta x\cap l))=(7,0),$ $(5,1),$ $(3,2),$ $(1,3)$
$(B1)(\deg(\Delta z\cap l^{Z}), \deg(\triangle x\cap l))=(7,0)$
4.1 $\Delta_{Z}\subset l^{Z}$
$(B2)(\deg(\Delta z\cap l^{Z}), \deg(\Delta_{X}\cap l))=(5,1)$






4.2 mult$Q\Delta Z=2$ , mult$Q(\Delta z\cap l^{Z})=1$ , mult$Q$ $(\Delta z\cap\Gamma_{P,1})=2,$
$\deg(\Delta_{Z}\cap(lz\backslash Q))=4,$ $\Delta_{Z}\cap(lz\backslash Q)\subset l_{Z}\backslash Q$





$\Gamma_{P,1}^{Z}\neq\emptyset$ 4.1 $\deg(\Delta z\cap\Gamma_{P,1}^{Z})=2$ $(\Gamma_{P,1}^{M})^{2}=-4,$
$coeff_{\Gamma_{P,1}^{M}}E_{M}=1$ $\Gamma_{P,1}^{M}$ $E_{M}$
4.1 $\Delta_{Z}\subset(l^{Z}\backslash Q)$
$(B3)(\deg(\Delta_{Z}\cap l^{Z}), \deg(\Delta_{X}\cap l))=(3,2)$
$supp\triangle x=\{P\}$ , $(multP\Delta X, multP(\Delta x\cap l))=(4,2)$ $\psi:Zarrow X$ $\Delta x$ $0$
$Q=l^{Z}\cap\Gamma_{P,2}^{Z}$
$E_{Z}$
4.1, 4.2 $\Delta_{Z}\subset l_{Z}\backslash Q$




4.1, 4.2 $\deg(\triangle z\cap l^{Z})=3,$ $\deg(\triangle z\cap(\Gamma_{P,2}\backslash R))=2$
$c=$ mult $Q(\Delta_{z}\cap l^{Z}),$ $d=$ mult$Q(\triangle z\cap\Gamma_{P,2})$ mult$QZ+d$
$(c, d)$ $(0,0)$ , $(1,1)$ , $(2,1)$ , $(3,1)$ , $(1,2)$
$supp\triangle x=\{P_{1}, P_{2}\},$ $(mult_{P_{i}}\Delta_{X}, mult_{P_{i}}(\Delta_{X}\cap l))=(2,1)$ $\psi:Zarrow X$
$\Delta x$ $0$ $Q_{1}=l^{Z}\cap\Gamma_{P_{1},1}^{Z},$ $Q_{2}=l^{Z}\cap\Gamma_{P_{2},1}^{Z}$
$E_{Z}$
4.1, 4.2 $\Delta_{Z}\subset(l^{Z}\backslash \{Q_{1}, Q_{2}\})$
$supp\triangle x=\{P_{1}, P_{2}\},$ $(mult_{P_{1}}\Delta_{X}, mult_{P_{1}}(\Delta_{X}\cap l))=(2,1),$ $(mult_{P_{2}}\triangle x,$ $mult_{P_{2}}(\triangle x\cap$
$l))=(1,1)$ $\psi:Zarrow X$ $\Delta_{X}$ $0$ $Q_{1}=l^{Z}\cap\Gamma_{P_{1},1}^{Z},$
$Q_{2}=l^{Z}\cap\Gamma_{P_{2},1}^{Z}$
$E_{Z}$
4.1, 4.2 mult $Q_{2}\triangle Z=$ mult$Q_{2}(\triangle z\cap\Gamma_{P_{2},1}^{Z})=2,$
mult $Q_{2}(\triangle z\cap l^{Z})=1,$ $\triangle z\backslash Q_{2}\subset l^{Z}\backslash \{Q_{1}, Q_{2}\}$
$supp\triangle x=\{P_{1}, P2\},$ $(mult_{P_{i}}\Delta_{X}, mult_{P_{i}}(\triangle x\cap l))=(1,1)$ $\psi:Zarrow X$
$\triangle x$ $0$ $Q_{1}=l^{Z}\cap\Gamma_{P_{1},1}^{Z},$ $Q_{2}=l^{Z}\cap\Gamma_{P_{2},1}^{Z}$
$E_{Z}$
4.1, 4.2 mult$Q_{i}\triangle z=$ mult $Q_{1}(\triangle z\cap\Gamma_{P_{1},1}^{Z})=$
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mult$Q_{2}(\Delta z\cap\Gamma_{P_{2},1})=2$ , mult$Q_{i}(\Delta z\cap l^{Z})=1,$ $\Delta_{Z}\backslash \{Q_{1}\cup Q_{2}\}\subset(l^{Z}\backslash \{Q_{1}, Q_{2}\})$
$(\deg(\Delta_{Z}\cap l^{Z}), \deg(\Delta_{X}\cap l))=(3,2)$
$(B4)(\deg(\Delta z\cap l^{Z}), \deg(\Delta_{X}\cap l))=(1,3)$
$supp\Delta_{X}=\{P_{1}, P_{2}\},$ $(mult_{P_{1}}\Delta_{X}, mult_{P_{1}}(\Delta_{X}\cap l))=(2,2),$ $(mult_{P_{2}}\Delta_{X},$ $mult_{P_{2}}(\triangle x\cap$
$l))=(1,1)$ $\psi:Zarrow X$ $\Delta x$ $0$ $Q_{1}=l^{Z}\cap\Gamma_{P_{1},2}^{Z},$
$Q_{2}=l^{Z}\cap\Gamma_{P_{2},1},$ $W=\Gamma_{P_{1},1}^{Z}\cap\Gamma_{P_{1},2}^{Z}$
$E_{Z}$
4.1, 4.2 mult $Q_{2}\Delta Z=$ mult$Q_{2}(\triangle z\cap\Gamma_{P_{2},1})=2,$
mult$Q_{2}(\Delta z\cap l^{Z})=1,$ $\deg(\Delta z\cap\Gamma_{P_{1},2}^{Z})=2,$ $supp\Delta z\backslash \{Q_{2}\}\subset\Gamma_{P_{1},2}^{Z}\backslash \{W\}$
$supp\Delta_{X}=\{P_{1}, P_{2}\},$ $(mult_{P_{1}}\Delta_{X}, mult_{P_{1}}(\Delta_{X}\cap l))=(2,2),$ $(mult_{P_{2}}\Delta_{X},$ $mult_{P_{2}}(\Delta_{X}\cap$
$l))=(2,1)$ $\psi:Zarrow X$ $\Delta x$ $0$ $Q_{1}=l^{Z}\cap\Gamma_{P_{1},2}^{Z},$
$Q_{2}=l^{Z}\cap\Gamma_{P_{2},1}^{Z},$ $W=\Gamma_{P_{1},1}^{Z}\cap\Gamma_{P_{1},2}^{Z}$
$E_{Z}$
4.1, 4.2 $\deg(\Delta z\cap\Gamma_{P_{1},2}^{Z})=2,$ $\Delta_{Z}\cap(l^{Z}\backslash Q_{1})$
$l^{Z}\backslash \{Q_{1}, Q_{2}\},$ $\Delta z\cap(\Gamma_{P_{1},2}^{Z}\backslash Q_{1})\subset\Gamma_{P_{1},2}^{Z}\backslash \{W, Q_{1}\}$ $c=mult_{Q_{1}}(\Delta z\cap l^{Z})$ ,
$d=$ mult$Q_{1}(\Delta z\cap\Gamma_{P_{1},2})$ mult$Q_{1}\triangle z=c+d$ $(c, d)$
$(0,0),$ $(1,1),$ $(1,2)$
$supp\Delta_{X}=\{P_{1}, P_{2}\},$ $(mult_{P_{1}}\Delta_{X}, multP_{1}(\Delta_{X}\cap l))=(4,2),$ $(mult_{P_{2}}\triangle x,$ $mult_{P_{2}}(\Delta_{X}\cap$





4.1, 4.2 mult$Q_{2}\Delta Z=$ mult $(\Delta_{Z}\cap\Gamma_{P_{2},1}^{Z})=2,$
mult$Q_{2}(\Delta z\cap l^{Z})=1,$ $supp\triangle z\backslash Q_{2}\subset l^{Z}\backslash \{Q_{1}, Q_{2}\}$
$supp\Delta_{X}=\{P_{1}, P_{2}\},$ $(mult_{P_{1}}\Delta_{X}, mult_{P_{1}}(\Delta_{X}\cap l))=(4,2),$ $(mult_{P_{2}}\triangle x,$ $mult_{P_{2}}(\triangle x\cap$
$l))=(2,1)$ $\psi:Zarrow X$ $\triangle x$ $0$ $Q_{1}=l^{Z}\cap\Gamma_{P_{1},2}^{Z},$
$Q_{2}=l^{Z}\cap\Gamma_{P_{2},1}^{Z}$
$E_{Z}$
4.1, 4.2 $\triangle z\subset l^{Z}\backslash \{Q_{1}, Q_{2}\}$
$supp\Delta_{X}=\{P_{1}, P_{2}, P_{3}\},$ $(mult_{P_{1}}\triangle_{X}, mult_{P_{1}}(\triangle x\cap l))=(multp_{2}\Delta_{X},$ $multp_{2}(\triangle x\cap$
$l))=(2,1),$ $(mult_{P_{3}}^{I}\triangle_{X}, mult_{P_{3}}(\triangle x\cap l))=(1,1)$ $\psi:Zarrow X$ $\Delta_{X}$ $0$
$Q_{i}=l^{Z}\cap\Gamma_{P_{i},1}^{Z}$
$E_{Z}$
4.1, 4.2 mult$Q_{3}\triangle z=$ mult $(\triangle z\cap\Gamma_{P_{3},1}^{Z})=2,$
mult$Q_{3}(\Delta_{Z}\cap l^{Z})=1,$ $supp\triangle z\backslash Q_{3}\subset l^{Z}\backslash \{Q_{1}, Q_{2}, Q_{3}\}$





4.1, 4.2 $\Delta_{Z}\subset l^{Z}\backslash \{Q_{1}, Q_{2}, Q_{3}\}$ $(\deg(\Delta_{z\cap}$
$l^{Z}),$ $\deg(\Delta_{X}\cap l))=(1,3)$
$(C)E_{X}=C,$ $C$ 2
6.1 $\deg\Delta z+\deg\Delta x=7,$ $\deg(\Delta_{Z}\cap C)+2\deg(\Delta_{X}\cap C)=14$
4.1, 4.2 $\Delta_{Z}=\emptyset,$ $\deg\Delta x=7,$ $\deg(\Delta_{X}\cap C)=7$ $\Delta_{X}\subset C$
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